,E. A~stoxemia of intestinal origin may impair physiologic and immunologic functions in indiiduals subjected to high doses of either ionizing radiation or radiation followed by transplants of oreign Immune competent cells capable of producing graft versus host disease (GVHD). The results of the following studies support the contention that aseptic endotoxemia may be due to failur o clear endotoxin from the circulation and detoxify it in the liver of immunosuppressed animals. To determine if intestinal endotoxin may contribute to pathogenesis in immunosuppressed individuals, B6CBF1 mice were exposed to 850 rads of x rays and transplanted with allogeneic CBA spleen cells. Aseptic endotoxemia, detected with the limulus lysate assay, was found at 24 and 72 hours postirradiation in livers of mice irradiated only. Contrary to this, endotoxin was not found in mice on days 5, 7 and 8 after x irradiation. Mice died between 11 and 13 days after radiation exposure at which time bacteria and endotoxin were detected in the liver. In contrast endotoxin was demonstrable on days 1 and 5 in mice undergoing GVHD. Mice receiving allogeneic rafts after 850 rads survived only 7 days, whiie gram-negative organisms were detected frequently in liver fragments from 24 hours to day 7. By day 4, hepatosplenic localization of I. V. injected 5 1 Cr endotoxin was reduced 50 percent in these animals and twofold t(, threefold increas es In endotoxin levels were found in lung, kidney, heart and brain. Hepatosplenic endotoxin concentrp ion was also depressed in mice receiving radiation alone, reaching a low between days 12-14. Endotoxin levels in other organs were not altered. Thus endotoxin capable of modifying phy, lologic and immunologic functions is present in detectable amounts in the liver of immunosupressed mice. Endotoxin was looked for in livers of mice which were irradiated only. Although no bacteria were detected in the liver during the first 72 hours after irradiation, endotoxin was found. This endotoxin most likely originated in the gastrointestinal tract. Endotoxin was not found in mice on days 5, 7, and 8 after x irradiation. Mice died between 11 and 13 days after radiation exposure at which time bacteria and endotoxin were detected in the liver. In contrast, endotoxin was demonstrable at days 1 and 5 in irradiated mice undergoing graft versus host disease.
Mice receiving grafts of blood forming cells after 850 rads of x rays survived only 7 days while bacteria containing endotoxin were detected frequently in liver tragments from 24 hours to day 7. By day 4, locali;.ation of intravenously injected isotope labelled endotoxin in the liver and spleen was reduced 50 percent in these animals iii and twofold to threefold increases in endotoxin levels were found in lung, kidney, heart and brain. Endotoxin concentration by the liver and spleen was also depressed in mice receiving radiation alone, reaching a low by day 13. Endotoxin levels in other organs were not altered. Additional tests support the contention that endotoxemia without the presence of bacteria in the same tissues may be due to the failure of the liver of immunosuppressed animals to detoxify endotoxin originating in the gut. The possibility of an endotoxin-induced contribution to mortality in irradiation injury or GVHD has been considered by others. 19 However, no attempt was made to correlate bacteremia with detection of endotoxin. Furthermore, the presence of intestinal microflora has also been implicated previously in GVHD. 4, 7-9, 16
The investigations described in this report were designed to determine ( 
I11. RESULTS
Detection of endotoxin and bacteria in liver samples. In mice subiected to •50
rads of x irradiation only, aseptic endotoxemia was detected in the liver between 24
and 72 hours (Figure 1) . No endotoxin was detected at days 5, 7 and s. Bacteria (primarily Proteus mirabilis and Escherichia coli) were cultured from liver fragments -l'y on days 11-13, at which times endotoxin was also detected. Mice given radiation only died during this period. In contrast, endotoxin was detected on (lays I and homogenates from irradiated animals died, whereas negligible mortality followed inoculation with liver homogenates from nonirradiated animals.
Organ uptake of labelled endotoxin. In B6CBF1 mice undergoing GVIII), a 50 percent reduction in hepatosplenic localization of labelled endotoxin iniected I. V.
occurred by day 4 (Figure 3) . Twofold to threefold increases in lahelled endotoxin levels were found in lung, kidney, heart and brain. In mice irr diated only, hepato- Peritoneal rinses were also obtained from immunosuppressed animals at intervals corresponding with liver assays (Figures 1 and 2 ) and tested for endotoxin with the limulus lysate test. These tests were also negative.
Further evidence against significant escape of intestinal endotoxin from the gut after irradiation or during GVHD was obtained by studying survival after endotoxin was delivered by gavage postirradiation. No change in survival was found when mice were given two 2-mg doses of endotoxin on days I and 2 or 4 and 6 postirradiation or These possibilities are presently being investigated.
Negative endotoxin determinations of liver samples obtained from animals between days 5 and 10 postirradiation may imply transitory correction of impairments which permit endotoxemia. Endotoxin detected in livers of immunosuppressed mice 5 could be due to increased escape of endotoxin from the gut.
However, we were unable to confirm this process. Another factor which would permit endotoxin accumulation in the liver is impaired hepatic degradation of this substance. 1 3 The latter possibility was not examined in our study.
In contrast to findings in mice suffering radiation injury alone, the presence of endotoxin in the livers of animals undergoing GVHD was often associated with bacterial infection (Figure 2 ). Thus, endotoxin detected during GVHD could either be from the gut pool or from infecting microorganisms. Since mice undergoing GV HD did not die until days 6 or 7, bacteria detected shortly after grafting probably represent very low level infections. A positive test for endotoxin, however, requires 10 3-104 gram-negative microorganisms. 6 Thus, viable bacteria in tissues may be only partly responsible for endotoxin detected in these studies.
Infections have been reported by others to be a feature common to secondary disease. Hepatic lesions induced by grafted immunocompetent cells may make mice undergoing GVHD more susceptible to random infection than animals receiving 3 radiation alone. Although the liver is relatively radioresistant, GVHD is character-15 ized by focal necrosis of hepatocytes and Kupffer cells and Kupffer cell hyperplasia.
The lymphoid tissues also exhibit profound cellular necrosis. In addition, intestinal epithelial necrosis during GVHD, as well as impairment of intestinal lymphoid function, could enhance microbial escape into other tissues.
Endotoxin from the gut pool may be more prevalent in tissues of mice undergoing GVHD than our data indicate. Whereas bacterial uptake by the liver may be normal, we found that hepatosplenic localization of labelled endotoxin was reduced more in mice undergoing GVHD than in those irradiated only. Therefore, in animals undergoing GVHD, the liver may not sequester detectable amounts of endotoxin.
Thus, we have established that endotoxin in detectable amounts may be found in the livers of irradiated mice and mice undergoing GVHD. This endotoxin may enhance susceptibility to subsequent infections associated with these immunosuppressed animals.
